ABSTRACT
INTRODUCTION
A Wide Area Network (WAN) is a computer network that covers a group of LAN networks that are administered separately and have different technology [1, 2, 3] . A network in a wider geographic area actually represents the infrastructure through which most ordinary services are carried out, all the way up to the most serious operations, such as monetary transactions. Creating an effective network that meets the needs of a particular region with minimal cost is still a challenge [4, 5] . The end-user experience at the branch can be enhanced and the number of transactions across a WAN can be minimized by the use of WAN optimization/acceleration devices [6] . In 2009, computer academics at the University of California, Berkeley, asked whether it was more cost-effective to compute locally or reach across the network to powerful remote or distributed systems. It turned out the costs for storage and servers have fallen faster than that of network connections. Although WAN costs fell by a factor of 2.7x, computational equipment fell by a stunning 16 times. Ultimately, IT has to decide if the cloud makes economic sense. All the factors have to be considered when moving to cloud [7] : a company can write off all its assets and go to a fixed monthly cost -but, if the cloud environment is designed correctly, it should not see that much cost for bandwidth [8] . Nevertheless, WANs and the Internet were getting clogged long before the cloud: multimedia, Web and video conferencing, surfing, VoIP and unified communications already stress those networks that haven't been thoroughly boosted.
A WAN designer is required to possess a deep knowledge of technologies that will be encompassed in the process of building a WAN, their performance, price and connectivity. One also needs to consider the burden of network traffic and the distance of data transfer in certain areas and at certain times. A fundamental question that arises is how to calculate (quantitatively) the traffic in these regional networks where the communication volume is variable. Therefore, to construct an efficient WAN network, preceding calculations are required, such as identification and calculation of the traffic, the distances between cities, the number of participants in the traffic, the time of use of network infrastructure of participants, etc. Finally, it is also about the calculation of carried traffic (in Erlangs), as well as the bandwidth of the edges of the network graph.
In certain geographic areas, and at certain times, the traffic volume in a computer network is variable [9] . The traffic matrix describes the traffic map from one network location to all other locations, and it can be structured so that it represents the average value of the amount of traffic carried between locations -nodes of the network. Moreover, the introduction of either simple or composite indicators of socioeconomic status (i.e. a socioeconomic indicator -SEI), as a concrete contribution in this paper, helps obtaining more accurate information, needed in the development of methodology for planning and cost-modeling of a WAN network.
The remainder of this paper is organized as follows. Section 2 focuses on related work and identifies the main motivations. Section 3 discusses most of the necessary steps for effective construction of a WAN -calculation of traffic matrix, algorithms for finding the shortest path, as well as calculating traffic and bandwidth between nodes in a case-study network: we assume that 21 cities in the Republic of Macedonia are the graph nodes with 30 internode edges, and the weights of these edges are a measure for the distance between cities; in addition, to determine the shortest paths, Dijkstra's and Floyd-Warshall algorithms are applied. Prices of different technologies are evaluated in Section 4, where we shift our attention to cost-modeling. Finally, Section5 concludes the paper.
MOTIVATION AND RELATED WORK
Al-Wakeel's research report [9] is aimed towards cost study and analysis of WANs and Internetworks design. It focuses on the economic and performance characteristics of various network technologies and carrier service options, and evaluates the conditions in which each of these technologies is optimal. A top-down, step-by-step process has been developed and quantitative, business-oriented cost models for the network design have been built, in order to develop planning programs for constructing a WAN that is cost-effective for a large organization.
De Montis et al. [10] study the structure of a network representing the interurban commuting traffic of the Sardinia region, Italy, and use a weighted network representation where vertices correspond to towns and the edges to the actual commuting flows. However, they discuss the interplay between the topological and dynamical properties of the network, as well as their relation with socio-demographic variables such as population and monthly income. This analysis provides analytical tools for a wide spectrum of applications, and some of the principles laid out could easily be mapped to the problem of planning and cost-modeling of a wide area computer network, as well.
Taylor et al. [11] aim to identify associations between demographic and socioeconomic factors and home Internet use patterns in the Central Queensland region, Australia. This research hypothesizes that there are differences in Internet usage patterns between: young and old, male and female, people in urban and rural areas, married and unmarried, well-educated and less educated, rich and poor, and employed and unemployed. This paper examines differences in home Internet use across these parameters and the associations between home Internet consumption patterns and demographic and socioeconomic factors.
These are the main motivations for the introduction of socioeconomic measures (which are regularly used in official statistics to illustrate patterns of behavior and outcomes, and to support and develop policies) in the development of a model which will determine the exact cost of a wide area computer network that performs within the limits set by the demands of prospective users.
ON THE DEVELOPMENT OF METHODOLOGY FOR PLANNING OF A WIDE
AREA NETWORK -A CASE STUDY
Calculation of the Traffic Matrix
Calculation of the traffic matrix is based on the number of households in the cities, time of use of the networks and the number of service users over a network. The term "household" is considered a family or other community of people who declare that they are living together and spend their income. In other words, under the term household we consider so-called "collective household", composed of persons living permanently in institutions for care of children and adults. In a city, there are two types of households: residential and commercial. The number of households in each node of the graph is calculated according to the following formula [9] : Т =
(1) where: Т -number of households in the city Р -number of inhabitants in the city N -number of inhabitants in a house (e.g.: this number in the Republic of Macedonia is 3.5) [9, 12] The total traffic in Erlangs (E) for any city (Table 2) The level of usage of a WAN network in a city depends not only on the population of that city, but also on their demographic structure and behavioral interactions of individuals and groups. It is quantified by a composite socioeconomic indicator (SEI), as a linear sum of products of weights w i , and several measures of labor status and education, a i (0  а i  1) ( 4 -percentage of students in that city; а 5 -percent of unemployed in that city; а 6 -percent of the other inhabitants; i.e.:
where: I 1 -number of employees in the public sector in that city; I 2 -number of employees in enterprises in that city; I 3 -number of pupils in that city; I 4 -number of students in that city; I 5 -number of unemployed in that city; I 6 -number of other population; P -total population of the city. The SEI indicator has a significant impact in the calculation of the traffic between cities. The biggest users of computer networks in Macedonia are students and pupils (96.4%) and from here it turns out that the calculation of the traffic matrix between cities with SEI indicator included, traffic noticeably changes. If one carefully examines Table 3 , there is a traffic increase between the nodes in the graph representing cities that have higher percentages of students, such as: Skopje-Bitola, Skopje-Tetovo, Skopje-Shtip, whereas there are no significant changes in traffic in Debar-Krusevo and Gevgelija-Kocani links, to name a few. 
Algorithms for Finding the Shortest Paths
Dijkstra's algorithm solves the problem of finding the shortest path from a source (point of the graph) to the other nodes (points of the graph) when all weights (scalars) of the edges in the graph are positive (Figure 1 ) [13, 14] . The routing table (Forwarding Database) for this graph is seen below (Table 4 ) and each column of the table holds data from the neighboring routers (Adjacency Database) [15] . Figure1. Applying the Dijkstra's algorithm in this particular graph Figure 2 . Shortest paths from the BT node (source) with Dijkstra's algorithm Table 5 . Determining shortest paths from the BT node with Dijkstra's algorithm.
Based on Figure 2 and the final results after applying the Dijkstra's algorithm for finding the shortest path from the BT node to all other cities (Table 5) , one can create a table by describing several routes (Table 6 ).
The Floyd-Warshall algorithm is designed to find the shortest path for all pairs of nodes (points) on a graph (Figure 3) . A k is a matrix of the type n x n, where A k [i, j] is the weight of the shortest path from i to j, which passes through nodes <= k [13, 14, 16] . In this case we define: 
Now we examine the shortest path p from i to j, which passes through nodes 1...k -one of two possibilities apply [16] :
 path p does not pass through k and, in this case, the weight of the path is A k-1 [i,j];  path p passes through k and, in this case, the weight of the path is
Steps BT  KS  PP  OH  ST  KI  KV  NG  DE  GV  RA  VE  GE  TE  SN  SHT  SU  SK  KO  KU 
Based on this particular graph, we create a table in the form of a matrix (Adjacency Matrix). If i = j, the A[i,j] element will have value 0 and will represent the diagonal of the matrix. In case there is still no link between nodes the value of the element in the matrix is described by the  symbol (Table 7) . Based on the results given in Table 8 , obtained by applying the Floyd-Warshall algorithm, and the map of cities with numbers ranging from 1 to 21 which correspond to symbols (SK, TE, GO, KU, KP, SN, VE, DE, KI, KS, ST, OH, BT, PP, KV, NG, SHT, KO, RA, SU, GE), one can check whether the shortest path between those cities was found and can mark the route (Fig. 4) . 
Since the graph has 21 nodes, there are some 200 routes which describe the shortest path in one direction between all pairs of nodes on this graph. From Table 8 , all the values of the shortest paths in both directions can be read (e.g. Gevgelija -Strumica = 35, Strumica -Gevgelija = 35). Below we describe several routes (Table 9 ). Table 9 . Shortest paths with the Floyd-Warshall Algorithm.
Node1
Node2 Distance Route with shortest path (Floyd-Warshal) Gevgelija(21) Strumica (20) 35 Gevgelija-Strumica Gevgelija(21) Radovish (19) 63 Gevgelija-Strumica-Radovish Gevgelija(21) Shtip (17) 88 Gevgelija-Strumica-Radovish-Shtip Gevgelija(21) Kocani (18) 115 Gevgelija-Strumica-Radovish-Shtip-Kocani Gevgelija(21) Sveti Nikole (6) 113 Gevgelija-Strumica-Radovish-ShtipSveti Nikole Gevgelija(21) Kumanovo (4) 148 Gevgelija-Strumica-Radovish-ShtipSveti Nikole -Kumanovo Gevgelija(21) Kriva
Palanka (5) 200 Gevgelija-Strumica-Radovish-ShtipSveti Nikole -Kumanovo-Kriva Palanka Gevgelija(21) Negotino (16) 62 Gevgelija-Kavadarci-Negotino Gevgelija(21) Kavadarci (15) 53 Gevgelija-Kavadarci Gevgelija(21) Veles (7) 99 Gevgelija-Kavadarci-Negotino-Veles Gevgelija(21) Skopje (1) 141 Gevgelija-Kavadarci-Negotino-Veles-Skopje
Calculating Traffic between the Nodes of the Network
To create a bandwidth of each link of the network one needs to calculate traffic (in Erlangs) for each link. This is done by passing through several stages:
-Previous calculation of the traffic of cities including SEI should be done.
-Then all the traffic between the cities is calculated and a traffic matrix between all pairs of nodes is created.
-Algorithms for finding the shortest path (e.g. Floyd-Warshall) between all pairs of nodes (cities) are applied.
Based on those routes, carried traffic in Erlangs is calculated. There are cases when a link is more loaded because there is a possibility for several routes to pass through that particular link, which determine shortest paths of a few pairs of nodes. As a result, several different traffic values for different pairs of cities are summed, and such specific links have increased traffic in Erlangs. Similarly, there are parts of routes which are not used in the determination of the traffic, because routes that do not pass across the link where traffic is calculated will simply have "zero" values. An example of the calculation of traffic between Tetovo and Skopje nodes is presented in Table 10 .
By following the same methodology, the traffic for 30 pairs of nodes is calculated (Table 11) : the maximum traffic (in Erlangs) is present at the Skopje-Tetovo link (908.74), while the minimum value is in the Prilep-Krushevo link (9.60). 
Calculating Bandwidth between the Nodes of the Network
The term "bandwidth" for communication networks means amount of data over time that can be exchanged from point A to point B[bits per second]. This range depends on the amount of the traffic that passes through the link -when the calculated value is multiplied by 64 kbps, one could get the bandwidth of that particular link, as seen in Table 12 Prices of rented lines are quite high because they are paid according to the length and the cost of individual services should also be added, and therefore users are looking for new cheaper rented lines. The retail market users prefer using virtual private networks or xDSL access and Ethernet access. Therefore, xDSL and cable Internet are very interesting for the users in terms of price compared with the prices of rented lines. At the moment of the analysis of the retail market, there were several service providers that use rented lines from AD Makedonski Telekom and offered services. It should be noted that AD Makedonski Telekom has been active in the retail market, providing services for the largest number of users (Table 13 ) [17] . Price for one year of full-duplex is calculated by the formula: cost = 2·acc + 2·12·suba + 2·int + 2·12·subn
Parameters that are part of the overall calculation of price:
-acc: (access to network) price of joining the network (paid once), multiplied by two because both directions are paid -suba: (subscription in access to network) price of joining the network (monthly fee), multiplied by 12 months and two directions of communication -int: (initialization) price when the router initializes a link with the server in a radius, multiplied by two because communication is in both directions -subn: (subscription) price of the package by month multiplied by 12 months and two directions of communication
Price for one year of half-duplex is calculated by the formula:
cost = acc + 2·12·suba + 2·int + 12·subn
In this case the communication goes in both directions but not simultaneously. Acc parameter is not multiplied by two because only one direction has to be paid. It happens to the price of the package subn as well. Int parameter is multiplied by two because initiation can occur in one of two extremes on the link.
Price for one year of simplex is calculated by the formula:
cost = acc + 12·suba + int + 12·subn
In this case the communication takes place only in one direction. We can see this in the formula for calculating the price for one year.
In cases where line is rented, the price for one year for the full-duplex is: cost = 2·(int + 12·sub)
For the half-duplex and simplex the price for one year is calculated by: cost = int + 12·sub  For the Asynchronous Transfer Mode (ATM) technology, the calculation of the price for fullduplex from point A to point B is calculated by:
NA(A) = INS A + SUB A ·12
The INS A parameter determines the price of the connection point A, and the SUB A parameter is the price for a monthly fee.
The following parameters are for calculating the price from point B to the permanent network:
NA(B) = INS B + SUB B ·12
The price of the permanent network that is used is multiplied by 2 because both directions are used. It is calculated by the formula:
PVCC = 2· (INS + SUB·12)
The total cost from point A to point B is the sum price from point A to the permanent network, the price of the permanent network PVCC and the price of the permanent network to point B: TOTAL_COST= NA(A) + NA(B) + PVCC
The price for half-duplex from point A to point B is calculated using the formula:
NA(A) = INS A +SUB A ·12
Similarly,
NA(B) = INS B + SUB B ·12
The price of the permanent network that is used as a proxy of the two points is:
PVCC = INS + SUB·12
Again, the total cost from point A to point B is a sum price from point A to the permanent network, the price of the permanent network PVCC and price from the permanent network to point B:
TOTAL_COST = NA(A) + NA(B) + PVCC
The calculation for the simplex from point A to point B is done using the formula:
NA(A) = INS A + SUB A ·12 PVCC = INS + SUB·12
The total price calculating from point A to point B is a sum price from point A to the permanent network and the price of the permanent network PVCC -since simplex communication link is in one direction one does not have the cost and the price from the permanent network to point B: TOTAL_COST = NA(A) + PVCC
CONCLUSIONS
The calculation of relevant parameter set provides indicators that help in the process of planning and modeling of WAN networks with adequate capacity and minimum price. They include: the communication matrix for each city, number of households, number of network users, total traffic for any city, the traffic matrix between all cities and shortest paths between the nodes of the graph, which are determined by using appropriate algorithms such as Dijkstra's and/or FloydWarshall.
As a tangible contribution, the calculation of a so-called socioeconomic indicator (SEI) is made up of a dozen variables which are regularly used in official statistics to illustrate patterns of behavior and outcomes, and to support and develop policies. This again is not enough to estimate the load of an edge of the graph, which connects two adjacent nodes -there might be several shortest paths that pass through an edge. This is how the carried traffic (in Erlangs) for an edge is calculated, as well as the edge bandwidth, assuming that each unit of traffic measurement (Erlang) is equivalent to 64 kbps.
The rationale behind the identification and the evaluation of these parameters is very straightforward: to develop a model which will determine the exact cost of the network that performs within the limits set by the demands of prospective users, by including some socioeconomic variables that capture different levels of technological development and different patterns of behavior.
